Mangroves protect coastal lines, act as a biogeochemical barrier against pollutants, and function as husbandries for life cycles of many species, including the mangrove crab Ucides cordatus. The population distribution of these crabs extends from Florida, USA, to the southern coast of Brazil, where this species inhabits the intertidal zone and each animal digs its own hole in the sediment (CONTI; NALESSO, 2010; GOES et al., 2010; SANT'ANNA et al., 2014) . This crab species is one of the main processors of leaf litters in mangroves, optimizing energy transfer and nutrient cycling (NORDHAUS; WOLFF, 2007) , and making U. cordatus a keystone species within the ecosystem (SCHORIES et al., 2003) .
U. cordatus in estuarine regions of Brazil, including the northern most part of Southeast Brazil and the Northeast regions, has a relevant economic importance as a fishery resource for the local population (GLASER; DIELE, 2004; . To minimize the impact of crab over-exploitation, this fishery is selective, where females and/or individuals with a cephalothorax width less than six centimeters are rejected (PASSOS; BENEDITTO, 2005) . However, despite the implementation of these conservation measures, U. cordatus populations have been decreasing in many Brazilian coastal zones (DIELE et al., 2005) .
Studies of U. cordatus have been carried out by harvesting crabs in different areas and seasons, mostly to evaluate the environmental impacts on crab populations (MIGUEL et al., 2007) , or to measure the presence of crab contamination with pathogenic agents that could represent a risk for human consumption (VIEIRA et al., 2004) . Some of these studies are also used to evaluate the impact of environmental contamination by searching for the presence of chemical compounds or microorganisms within the U. cordatus population (CORRÊA JUNIOR et al., 2000; ORÉLIS-RIBEIRO et al., 2011; PIE et al., 2011; PINHEIRO et al., 2012; VICENTE et al., 2012; VILHENA et al., 2013) . Some studies have attempted to mimic the environmental conditions in natural fisheries by adding a gravel ramp to allow animals to move in-or-out the water (SANTOS, 2002; ZANOTTO, 2013) . Among these studies with captive crabs, the influence of tidal cycles in animal physiology was not considered. However, such exogenous factors are important considering that U. cordatus lives in variable salinity environments that affect the calcium transport in gill cells ZANOTTO, 2013) , and reproduction behavior (SANT'ANNA et al., 2014) . Crab and prawns have an innate immune system formed by proteins and cells present in their hemolymph (MILLAR; RATCLIFFE, 1994) . Three cell types are found in the hemolymph of these animals: granular (G), semigranular (SG), and hyaline (H) cells (SMITH; SÖDERÄLL, 1983) . After injury or disease, the prophenoloxidase activating system (proPO) enters in action. The proPO system is localized inside circulating hemocytes and is exocytosed after cellular stimulation with microorganism compounds (SÖDERHÄLL; CERENIUS, 1992). Semigranular and granular cells are responsible for storage of the proPO system and can exert cytotoxic effects in target cells, while hyaline and semigranular cells are capable of phagocitosis (JOHANSSON et al., 2000) . Therefore, counting of each cell type in crab hemolymph can be used to characterize the innate immune response inside U. cordatus. To our knowledge, no published results exist that elucidate the amount of variations of hemocyte types according to different U. cordatus husbandry systems.
To mimic natural environmental mangrove conditions inside our lab, we developed a new tank system consisting of mangrove sediment together with a water pump. The pump was used to recreate mangrove tide differences throughout the period of a day. Details of this tank system (experimental tank) are shown in Figures 1 and 3 . We also constructed and installed conventional tanks published by others in order for comparison of water salinity between these systems and our new tank system (Figures 2 and 3 ).
Our experimental tank system was capable of mimicking two high and low tides per day. To achieve this we controlled two parameters: filling and pouring rates. The filling rate was defined as the amount of water pumped from a reservoir into the tank where all animals were confined; the pouring rate was defined as the amount of water leaking from our tank towards the reservoir. The filling rates were controlled by connecting our water pump to a timer and allowing it to turn on and off every 6 hours. Pouring rates were controlled by the size of our tubes since water exited from our tank to the reservoir by gravity. The two rate parameters needed to be synchronized for proper functioning: first, the filling rates had to be twice the pouring rates, otherwise there would be no tank filling (high tide); second, the pouring rates could not stop before Figure 1 . Design of new experimental tank to mangrove crabs. This crab tank was designed and developed to simulate natural mangrove tides within the lab. (A), front view of our experimental tank, showing a plastic cage on top (where U. cordatus are kept) and a glass cage on bottom (where water from top cage is storage to be reused during the next "high" tide period); (B), lateral view of our system; (C) cover of our plastic cage showing all holes to allow cage ventilation and two brackets to clamp this cover to the plastic cage; (D), water pump plug connected to a timer to allow this pump to gradually fill our plastic cage for 6 h; (E), inside details of top plastic cage, showing a plastic division that was hot glued to the cage at the black line. A 0.7x0.7 mm mesh just at the left of this plastic division is used to minimize sediment lost to the bottom glass cage; (F), lateral view showing two tubing connections to allow water coming in and out of the top plastic cage; (G), close detail of these tubing connections, where the one on the top side brings water from the bottom glass cage back to the top plastic cage throughout a water pump. The bottom tube allows water to drop from the top plastic cage to bottom glass cage. Standard silicon tubes (5 mm diameter) were used to connect tanks.; (H), details of the bottom glass cage showing a water pump which forces the water back to the top plastic cage. Water salinity was changed and equalized together with mangrove sediment; each salinity was measured by an EcoSense EC300 conductivity meter (YSI Life Sciences, USA). Water temperature was maintained at 23 o C and monitored by a thermometer. A conventional crab cage. Traditionally, U. cordatus are kept within the lab in a glass cage (A) with a gravel ramp, salt water, and an air pump. (B), if animals need to be outside water they climb this gravel ramp; (C) detail of an air pump connected to an aerator stone to oxygenate water inside the tank. Water salinity was changed and equalized together with gravel; each salinity was measured by an EcoSense EC300 conductivity meter (YSI Life Sciences, USA). Water temperature was maintained at 23 o C and monitored by a thermometer. Results from animals kept at 24 ppt. All animals were cold anesthetized before hemolymph harvesting. After fixation and staining, each sample was counted and these results represent average and standard deviation from 4 to 6 animals. These results are representative of 2 independent experiments. A total of 72 crabs were used in our experiments. Two-way ANOVA with Bonferroni post test were performed to determine significant differences between the groups in our experimental study. These tests yielded p values < 0.05, which confirmed the statistical significance of our results.
6 h of leaking, otherwise periods of low and high tides will be different. Since pump characteristics are different depending upon the manufacturer, we conducted a series of tests of the water pump during the time dedicated to mount the whole system. Another important factor that was considered was the amount of water used to cover the sediment during the high tide. This water column needed to be between 10 to 15 centimeters. In our system, we used a 100 L plastic box and at least 24 L of water in order to fill the entire box during high tides.
Finally, despite the use of meshes and sponges to avoid obstruction of tubes, mangrove sediment is rich in organic matter and causes the tubes of the system to clog over the time. Therefore, constant checking of tubing was necessary to avoid any disruption of tide times and volumes. When necessary, the tubes and meshes were changed to avoid future tide problems.
We found that it is also recommendable to perform a full pump washing in tap water every two days.
Since our experimental system simulates an important environmental condition (different "tides" during the day), we checked whether this would interfere with a physiological parameter, in our case the amount of cell types in hemolymph.
As shown in Figure 4A , the variation of semigranular and hyaline cell types were higher in animals kept in our experimental tank than crabs kept in a conventional tank when water salinities were maintained at 10 ppt. Since semigranular and hyaline cells are important to innate immune cells for phagocitosis (JOHANSSON et al., 2000) , it is possible that tide variations can interfere with this process and these animals could present a different immunity during the day. If this were the case, U. cordatus would be more susceptible to natural or anthropic environmental alterations at different times of the day.
At 24 ppt, animals kept in the experimental tanks showed higher levels of only hyaline cells ( Figure 4B ). Taken together with previous differences in semigranular and hyaline cells at 10 ppt ( Figure 4A ), this could indicate that different seasons could also render animals less or more susceptible to infections, since 24 ppt water salinity is found during summers and 10 ppt during winters (Table I) . b Average values of salinity or pH during summers.
c Average values of salinity or pH during winters.
In conclusion, we observed that tide differences could interfere with hemocyte cell types inside U. cordatus hemolymph. Therefore, these animals would have different responses to pathogens according to such variations in their innate immune system. Taken together with other studies, our results show that improvement of husbandry conditions for animals under the influence of high environmental variations during the day should be used to observe physiological differences that occur in nature.
